Introduction
Topiramate (TPM) was initially approved as adjunctive therapy for partial-onset seizures in adults; this has been the case in Japan since July 2007. The use of TPM is currently extended to include childhood epilepsies in many other countries. TPM appears to be effective for a broad range of seizure types, including generalized seizures, particularly intractable seizures in severe epilepsies during infancy and childhood.
Epileptic spasms (ES) are typically observed in West syndrome (WS), a representative type of age-dependent epileptic encephalopathy, but ES are occasionally observed in patients who persistently exhibit clinical findings similar to WS beyond infancy, and in patients with generalized epilepsies during later childhood, including Lennox-Gastaut syndrome (LGS). ES, particularly those occurring beyond infancy, are generally resistant to treatment. [1] [2] [3] [4] [5] There are several reports on the efficacy of TPM for intractable childhood epilepsy, including WS and LGS; the efficacy rate of 50% seizure reduction has ranged from 24 to 60%. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] However, the efficacy of TPM for ES beyond infancy has not yet been intensively investigated. We therefore retrospectively analyzed the efficacy and adverse effects of TPM along with the concomitant EEG changes for children who had intractable generalized epilepsy with ES.
Subjects and methods
The study subjects were patients who (1) had been visiting Okayama University Hospital for treatment of epilepsy commencing as Ohtahara syndrome, WS, LGS, or a related disorder, (2) were found to have ES during the period from 2008 to 2010, and (3) were 12 years of age during this period. The administration of TPM was limited to cases of epilepsies that were resistant to any other potent treatment. Written informed consent was obtained from the parents of the patients, after stating that TPM was approved as adjunctive therapy for patients with partial-onset seizures at 16 years of age in Japan. This study included subjects who were treated with TPM at 12 years of age, and excluded patients who were undergoing trials for other drugs without usage of TPM during the study period and patients whose parents were reluctant about using an unapproved drug.
As for the TPM prescription, the initial dosage was 0.5-1 mg/kg. TPM dosage was increased by 1-2 mg/kg increments every 2-4 weeks, up to a maximum of 10 mg/kg, in accordance with a previous study on childhood refractory epilepsy. 12 The efficacy of TPM was categorized as (1) excellent, when seizures were suppressed for a period of 2 months; (2) good, when seizure frequency was reduced by 50%; (3) minimal, when seizures were reduced by 25-50%; (4) unchanged, when seizures were reduced by <25% or not at all; and (5) worsened, when seizure frequency increased. The responder rate was defined as the percentage of patients that achieved seizure freedom or 50% seizure reduction.
We retrospectively investigated the efficacy of TPM on seizures, changes in EEG findings, and retention of TPM, as of the last evaluation day, September 30, 2011, in children with intractable generalized epilepsy.
Statistical analysis of the responder rate was performed with Fisher's exact test using SPSS (Japanese ver. 17; SPSS, Tokyo, Japan) for age of seizure onset, diagnosis that was linked to the types of EEG findings, and usage of representative concomitant drugs. Values of p < 0.05 were considered significant. (Table 1) There were a total of 58 candidate patients for this study (36 boys and 22 girls); 33 subjects (21 boys and 12 girls) were treated with TPM. As for patients treated with TPM, age at the onset of epilepsy ranged from 2 days to 8 years, 10 months, and was <2 years in 27 patients (82%) (Fig. 1A) . Age at the start of TPM treatment ranged from 6 months to 12 years, 3 months (mode: 2-3 years) (Fig. 1B) . The latency from the onset of epilepsy to the start of TPM treatment ranged from 5 months to 12 years (median: 3 years). Seizure frequency was daily in most patients. All patients had ES and 28 also had tonic seizures. Mental retardation was observed in all patients, and was particularly severe in 28 (85%).
Results

Clinical findings of the subjects
As for the epilepsy diagnosis and EEG findings in children treated with TPM and children not treated with TPM, LGS, which is characterized by the presence of multiple seizure types and/or tonic seizures and an EEG pattern of diffuse slow spike-waves with or without concomitant multifocal spikes, was diagnosed in 18 and 13 patients, respectively. Severe epilepsy with multifocal independent spike foci (SE-MISF), 19, 20 which is characterized by the presence of generalized seizures, including tonic seizures, and EEG findings of dominant multifocal spikes reminiscent of hypsarrhythmia with or without sporadic diffuse discharges, was observed in 9 and 10 patients in each treatment group, respectively. WS with ES and hypsarrhythmia in EEG was diagnosed in one patient in each treatment group; early myoclonic encephalopathy (EME) with ES and myoclonus was diagnosed in three patients treated with TPM; and other unspecific types of symptomatic generalized epilepsy were diagnosed in two patients and one patient in each treatment group, respectively. Magnetic resonance imaging (MRI) was performed on all patients: various degrees of brain atrophy were observed in 11 children treated with TPM and 13 not treated with TPM. Lissencephaly was observed in one and three patients in each treatment group, respectively; other types of cortical development malformation in three patients in each treatment group, brain infarction in one patient in each treatment group, tuberous sclerosis was observed in two patients treated with TPM, and a small unidentified white matter lesion was observed in one patient The number of antiepileptic drugs (AEDs) used before TMP administration ranged from four to 12 (mean: 6). The number of concomitant drugs at the start of TPM administration ranged from one to five (mean: 3). Concomitant drugs included sodium valproate (VPA) (used in 26 patients), zonisamide (ZNS) (20 patients), lamotrigine (LTG) (13 patients), and clobazam (CLB) (17 patients). Before TPM, synthetic adrenocorticotropic hormone (ACTH) therapy was performed in 21 patients, oral steroid therapy in four, thyrotropin-releasing hormone (TRH) therapy in two, and ketogenic diet therapy in two.
Efficacy of TPM
The efficacy of TPM for all seizures was excellent in five patients (15%), good in two (6%), minimal in three (9%), unchanged in 17 (52%), and worsened in the remaining six (18%) (overall responder rate: 21%, 7 of 33 patients). Of the five patients with excellent responses, two experienced relapse of ES after 2 or 3 months of seizure freedom, but seizures continued to be completely suppressed in the remaining three patients as of the last followup (i.e., seizure freedom for 10 months, 1 year and 1 month, and 1 year, 6 months). In terms of the efficacy of TPM according to seizure type, the responder rate was 21% (7 of 33 patients) for ES, and 29% (8 of 28) for tonic seizures (Table 2) , with no apparent difference between seizure types.
The seizure aggravation observed in six patients was related to ES in one patient and tonic seizures in the other five.
EEG findings during TPM treatment
EEG findings before and during the TPM treatment were compared in 29 patients, excluding four who had to stop TPM early without EEG recording because of adverse effects. We observed EEG improvement with reduced epileptic discharges in 9 patients (31%), no improvement in 17 (59%), and worsening in the remaining 3 (10%).
Of the nine patients with EEG improvement, TPM efficacy was excellent in five, good in one, minimal in one, and unchanged in the remaining two. In the EEGs of the three patients with persistent seizure freedom, the epileptic discharges disappeared. The two patients with seizure relapse after temporary freedom had transient EEG improvement with reduction of spikes and slow waves during the period of seizure suppression.
Of the three patients with EEG worsening, the TPM treatment caused aggravation of seizures in two and had no effect in the other.
The relationships between TPM effects on seizures and EEG findings are presented in Table 3 .
The clinical and EEG findings of three patients (Patients 1-3) with seizure freedom and marked EEG improvement are presented below. As for Patient 2, who had symptomatic LGS, EEG recorded at 3 years of age before the start of TPM showed multifocal epileptic discharges over a slow background comprising theta and delta waves during wakefulness, and a persistent mixture of diffuse slow spike-waves and multifocal discharges during sleep ( Fig. 2A) . On the fifth day of TPM administration, when seizure reduction was not yet apparent, some improvement in the EEG pattern was observed, with a decrease in slow waves and epileptic discharges during wakefulness (Fig. 2B) . On the 13th day of TPM treatment, when tonic seizures were suppressed but ES remained, EEG showed occipital rhythmic activity with a further reduction in slow waves during wakefulness and a reduction in diffuse epileptic discharges during sleep as well (Fig. 2C) . On the 19th day of TPM treatment, when seizures were finally suppressed with a dose of 7.5 mg/kg, EEG no longer showed epileptic discharges (Fig. 2D) .
With respect to Patient 3 with symptomatic SE-MISF, EEG recorded at 5 years, 8 months of age before the start of TPM showed numerous epileptic discharges over a slow background without occipital rhythms during wakefulness, and even more multifocal epileptic discharges during sleep. EEG showed a reduction in epileptic discharges during both wakefulness and sleep on the fourth day of TPM treatment, and seizures began to decrease 3 days later. On the 15th day of TPM treatment, when seizures were finally suppressed with a dosage of 2 mg/kg, EEG showed occipital 7 Hz theta rhythms and no epileptic discharges during wakefulness, and a considerable reduction in epileptic discharges during sleep. Later examination revealed that epileptic discharges in sleep EEGs finally disappeared after 6 months of TPM administration.
As for Patient 1, who had symptomatic LGS, EEG recorded at 3 years, 3 months of age before the start of TPM treatment showed multifocal spikes over a slow background without occipital rhythms during wakefulness, and intense generalized epileptic discharges including slow spike-waves during sleep. The frequency of tonic seizures began to decrease after about 3 months of TPM administration, and both tonic seizures and ES disappeared 1 month later at a dosage of 6 mg/kg. EEG then showed occipital 8 Hz alpha rhythms during wakefulness and rare central spikewaves during sleep. AEDs, antiepileptic drugs; EME, early myoclonic encephalopathy; SE-MISF, severe epilepsy with multifocal independent spike foci.
Details of TPM responders
The detailed findings of seven patients who responded to TPM are summarized in Table 4 . All patients had both ES and tonic seizures and at least four AEDs were tried in all patients before TPM. Synthetic ACTH therapy was also performed in five patients. TPM dosage at the time of seizure suppression varied and ranged from 3 to 9 mg/kg; it was 4 mg/kg in three patients. The three patients with long-lasting seizure freedom (Patients 1-3) also exhibited mental improvement following seizure termination, manifested as an ability to smile and to provide better responses to various stimuli. Patient 5, who had a seizure relapse, also exhibited some developmental improvement during the temporary seizure freedom.
TPM retention
TPM was discontinued at the time of follow-up in 17 patients, including six with seizure aggravation whose TPM dosage at the time of seizure aggravation was relatively low: 1 mg/kg in two patients, 2-3 mg/kg in two patients, 4 mg/kg in one patient, and 8 mg/kg in the remaining patient. The reasons for TPM discontinuation were the adverse effects (mentioned below) in seven patients and ineffectiveness in four patients.
Sixteen patients continued taking TPM, with the maximum dosage ranging from 1.7 to 10 mg/kg (mean: 7.3 mg/kg). Duration of TPM administration ranged from 3.4 to 36.2 months (mean: 17.6 months).
Adverse effects
Adverse effects caused by TPM were observed in 13 of 33 patients (39%), namely, anorexia in eight, somnolence in five, irritability in five, and hypotonia/inactiveness in three, with overlaps. No patient showed abnormalities in liver or renal function. The maximum TPM dosage in the 13 patients with adverse effects ranged from 1 to 9.3 mg/kg (mean: 5.1 mg/kg). In the seven patients who stopped TPM because of adverse effects, the mean dosage was 3.2 mg/kg, which was not high. Adverse effects were relatively severe in three patients: two with anorexia resulting in weight loss and the other with somnolence and hypotonia causing glossoptosis and dyspnea. The TPM dosage of these patients ranged from 1 to 3 mg/kg. Three of the remaining four patients experienced adverse effects at a small TPM dosage ranging from 2 to 3 mg/kg. In patients who had adverse effects at a small TPM dosage and showed little or no amelioration of seizures, increasing the dosage was problematic and TPM treatment was inevitably discontinued. 
Statistical analysis
None of the statistical analysis results regarding the relationship between the responder rate and the various items were significant ( Table 2 ). The age of seizure onset was categorized as either neonate/infancy (<12 months in 20 patients) or later childhood (1 year in 13 patients) p = 1.000. Diagnosis was categorized as either LGS with slow spike-waves (18 patients) or otherwise (15 patients) p = 1.000. Seizure frequency was daily in 30 patients and weekly in the remaining 3, p = 1.000. With respect The EEG recorded at 3 years of age before the start of TPM shows a mixture of diffuse and multifocal discharges over a slow background during wakefulness and intensification of discharges during sleep (A). The EEG recorded on the fifth day of TPM administration with a dose of 3.8 mg/kg shows a reduction in slow waves in the background as well as a reduction in discharges during wakefulness (B). The EEG recorded on the 13th day of TPM treatment with a dose of 7.5 mg/kg shows further improvement with the appearance of 8 Hz occipital rhythmical activity during wakefulness (C). The EEG recorded on the 19th day of TPM treatment with a dose of 9 mg/kg showed no epileptic discharges during either wakefulness or sleep, when seizures were finally suppressed (D). to the effects of representative concomitant drugs, p = 0.623 for VPA, p = 0.676 for ZNS, p = 1.000 for CLB, and p = 0.393 for LTG. Significant relationships could not be found through logistic regression analysis either (see Supplementary Table 1 ).
Discussion
In the current study, generalized epilepsy with ES appeared to be essentially intractable. The TPM responder rate was 21% (21% for ES, 29% for tonic seizures) and therefore lower than that in previous reports, including LGS and WS. As for LGS, Sachdeo et al. 6 reported rates of 50% seizure reduction as 28 and 33% for drop attacks and major seizures, respectively, in a double-blind placebocontrolled study. There are other reports of open-label studies, and the rate of 50% seizure reduction was 40-50% in most studies, though it was as low as 13 and 25% in some studies. 7, 9, 10, 12, 14 The TPM responder rate for WS was 70-88% in some studies 8, 15, 16 and tended to be better than that for LGS. The contrast in the responder rate between WS and generalized epilepsy with ES in the current study illustrates the considerable difference between these two disorders even though they share similar clinical findings of ES. ES beyond infancy are observed in patients with generalized epilepsies, including LGS, SE-MISF, and unsuppressed WS with a protracted clinical course. ES persisting beyond infancy are a unique type of seizures and may not be the same as ES in most infants with WS. It has been suggested that a subset of older children with ES actually have focal cortical-onset seizures 21 ; such mechanisms may complicate the pathophysiology and make the treatment in ES beyond infancy difficult. The majority of the patients in our study underwent ACTH therapy to no avail, and an average of six drugs had already been tried before the TPM treatment, with limited usefulness. Therefore, the low efficacy of TPM in these patients was to be expected. The neurological and mental prognosis of children with ES is grim. [1] [2] [3] [4] Of the current 33 patients, 31 had symptomatic epilepsy and all were mentally retarded (severely in 85%). In this so-far unreported research on TPM treatment for children with generalized epilepsy with ES beyond infancy who did not respond to any prior conventional AEDs or ACTH therapy, it is noteworthy that TPM was effective in 21% of all patients. It is of particular note that it provided seizure suppression for 2 months in 15% of all patients. Three children have been enjoying seizure freedom for approximately 1 year, with some developmental improvement in responsiveness to various stimuli. It is expected that the suppression of seizures and the amelioration of EEG abnormalities that TPM treatment provides may contribute to enhanced neurocognitive development.
Reports that include EEG findings related to TPM treatment remain rare 8, 16, 17 ; they mainly provide observations concerning the disappearance or persistence of epileptic discharges in responders but offer no detailed information regarding EEG changes during the treatment. In the present EEG study involving 29 patients (88%) of a 33-patient cohort, with comparison before and during TPM treatment, EEG improvement was observed in nine patients, including six responders in seizures. In two dramatic responders, EEG improvement preceded the clinical improvement of seizure reduction; EEG improvement was first observed during wakefulness with a decrease in not only epileptic discharges but also slow waves in the background. We previously investigated the efficacy of LTG in childhood epilepsy and found that EEG scarcely improved even in LTG responders, and that the disappearance of epileptic discharges in EEGs was not observed in any of the patients. 22 Thus, the close relation between changes in seizure frequency and EEG findings was remarkable in TPM treatment but lacking in LTG treatment. EEG may therefore serve as a prognostic indicator in TPM treatment.
Seizure aggravation is occasionally observed in patients undergoing TPM treatment despite its generally positive effect on intractable epilepsy. This was the case in six patients (18%) in the current study-a rate similar to the 10-21% observed in other reports. 9, 10, 12, 14, 18 Types of seizures aggravated by TPM were not described in detail in other reports, but five out of six cases of aggravation in the current study related to tonic seizures, suggesting that they may be more easily aggravated by TPM than ES. Of the 13 patients that suffered adverse effects, such as anorexia, the effects were severe in 3 patients and mild in the remaining 10. This distribution was comparable to that indicated in previous reports. However, the emergence of adverse effects as a consequence of low-dose TPM (1-3 mg/kg) was problematic because such situations impeded subsequent titration to achieve sufficient beneficial effect and resulted in early discontinuation of TPM treatment.
Our findings lead us to conclude that TPM is effective and well tolerated in children with intractable generalized epilepsy with ES, and that some patients can even expect to achieve seizure freedom. Although ES beyond infancy are extremely resistant to treatment, TPM may be a useful treatment option for children who continue to suffer from ES. TPM may exert its effect on intractable epilepsy through multiple mechanisms of action. 23 We were unable to identify any particular group of patients who may benefit more from TPM with statistical significance, but the effectiveness of TPM may be gauged by monitoring early EEG changes during TPM administration. The current study has inherent limitations due to the small number of subjects and a lack of control groups. In the future, we intend to extend the usage of TPM to more children with intractable epilepsy, particularly ES, in order to confirm its efficacy.
